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OBJECTIVE: 
To investigate the correlation between the inflammatory markers for the 
diagnosis of periprosthetic  joint infection in patients undergoing revision 
arthroplasty. HYPOTHESIS: IL-6 is an accurate, marker of periprosthetic joint 
infection as compared to conventional markers. 
 
 
 
METHODS: 
This study is a prospective, observational, cross sectional study, which 
included patients who were planned for revision hip or knee arthroplasty, either 
for loosening, implant exchange or because of periprosthetic joint infection. 
Preoperative  inflammatory markers were sent for peripheral total white blood-
cell count, the erythrocyte sedimentation rate, serum C-reactive protein levels 
and serum interleukin-6 . The diagnosis of periprosthetic joint infection was 
confirmed based on the diagnostic criteria laid by Parvizi J, et al. We analysed 
the sensitivity, specificity, positive predictive Value, negative predictive value 
and accuracy of each marker in aseptic loosening and periprosthetic joint 
infection and investigated the correlation 
 
RESULTS: 
This study  demonstrated that CRP was the most accurate marker of deep 
infection in revision arthroplasty (Periprosthetic Joint Infection) with Sensitivity 
of 100%, specificity of 95%, Interleukin-6(IL-6) as a new marker was found to 
be less accurate than CRP, with  sensitivity of  75%, specificity of 75% and 
Accuracy of 75%. Combination of both CRP & IL-6 can be more useful in 
identifying patients with deep periprostheticjoint infection, with Sensitivity of 
75%, specificity of 100% and  accuracy of 92.8% ,while both ESR and TLC are 
not useful in the diagnosis periprosthetic joint infection due to low diagnostic 
value. 
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INTRODUCTION 
 Despite the wide variety of tests available for diagnosing periprosthetic 
joint infection (PJI), numerous problems face surgeons attempting to differentiate 
between septic and aseptic failure of arthroplasty components. Tests currently in 
use are either highly sensitive (and less specific) (eg, erythrocyte sedimentation 
rate [E.S.R], C-reactive protein [CRP], and serum white cell counts [TLC] ; 
fluorodeoxyglucose–positron emission tomography scans , bone scans , and 
polymerase chain reaction ) or highly specific (and less sensitive) (e.g., Gram stain) 
; they require specialized knowledge (e.g., frozen section), require time before 
results can be assessed (e.g., cultures) , or are prohibitively expensive for routine 
clinical application (e.g., fluorodeoxyglucose–positron emission tomography, bone 
scans, and polymerase chain reaction).In an effort to address this lack, we 
investigate the role of  IL-6 (INTERLEUKIN-6),  protein profiling might play in 
improving surgeons' ability to diagnose PJI quickly and accurately. 
 The erythrocyte sedimentation rate, the C-reactive protein serum level, and 
the white blood-cell count are routinely used to diagnose periprosthetic infection. 
In the present study, the diagnostic accuracy of the interleukin-6 serum level will 
be compared with the accuracy of these standard tests for the evaluation of a group 
of patients who had had a  hip or knee   arthroplasty or other implant  and were 
undergoing a reoperation for the treatment of an infection or another implant-
related problem. Standard radiographs and the laboratory blood analyses that are 
used as first-line tests to determine the presence of periprosthetic infection, namely, 
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the erythrocyte sedimentation rate, C-reactive protein serum level, and white 
blood-cell count, are not consistently reliable. The white blood-cell count is rarely 
elevated in the presence of a chronic periprosthetic infection and both the 
erythrocyte sedimentation rate and the C-reactive protein level are nonspecific 
markers of inflammation that may be elevated in association with any of several 
chronic inflammatory conditions. 
 Accumulating evidence suggests that interleukin-6 (IL-6), a factor 
produced by monocytes and macrophages that also functions as a hepatocyte-
stimulating factor and induces the production of major acute-phase proteins, 
including C-reactive protein may be a valuable marker of infection following major 
surgery. Recently, it was established that serum IL-6 levels quickly return to 
normal after total joint surgery and are not elevated in patients with aseptic 
loosening.  
 IL-6 is a 26-kilodalton  pleiotropic cytokine that functions as a pro 
inflammatory and anti-inflammatory molecule, a modulator of bone resorption, a 
promoter of haematopoiesis, and an inducer of plasma-cell development. IL-6 is 
produced by stimulated macrophages and monocytes when tissue is injured. The 
serum IL-6 level in normal individuals is approximately 1 pg/mL with slight 
elevations during the menstrual cycle, modest elevations of up to 10 pg/mL in 
patients with certain cancers (for example, melanoma), and large elevations of 30 
to 430 pg/mL for as long as three days after surgery. 
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 IL-6 plays an important role in modulating immune function as it is a 
primary stimulator of other acute-phase proteins such as C-reactive protein, serum 
amyloid A protein, haptoglobulin, protease inhibitors (for example, α-antitrypsin 
and α1-antichymotrypsin), complement factors, and fibrinogen and functions to 
regulate pyrexia by pituitary hormones.  
 Accumulating evidence indicates that the serum IL-6 level can be a 
valuable marker of inflammation in association with trauma, sepsis, meningitis, 
malaria, arthritis, and shock as well as after major cardiac and abdominal surgery. 
Elevated IL-6 levels have been found in association with bacterial meningitis and 
acute viral infections of the central nervous system. In addition, several 
investigators have described elevated IL-6 levels in patients with sepsis and 
documented bacteraemia (including neonatal bacterial infection), which in some 
cases is associated with morbidity and mortality. In a study of patients undergoing 
lung and heart-lung transplantation, elevated IL-6 levels appeared to be indicative 
of infection, and an abnormally high baseline with several sharp spikes appeared to 
be indicative of rejection. The erythrocyte sedimentation rate and the C-reactive 
protein level are widely used as serum markers for assessing bacterial infection in 
patients managed with total joint arthroplasty. 
 Previous studies have indicated that IL-6 concentrations are associated with 
inflammatory activity and exhibit more rapid increase and quicker return-to-normal 
values than either the C-reactive protein level or the erythrocyte sedimentation rate, 
suggesting that the IL-6 level may be a superior indicator of postoperative 
inflammatory response. IL-6 levels peak in the first six to twelve hours after 
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surgery and fallback to their baseline range by forty-eight to seventy-two hours 
postoperatively. After surgery, the erythrocyte sedimentation rate typically 
increases, with a peak at five to seven days postoperatively, and then slowly 
decreases to preoperative levels in approximately three months; however, some 
studies have shown that the erythrocyte sedimentation rate can remain elevated 
above baseline for as long as one year. C-reactive protein is an acute-phase reactant 
that is produced by the liver in response to inflammation, infection, and neoplasm 
its serum levels are elevated to their peak values two to three days after surgery and 
return to normal values approximately three weeks after surgery. 
 The present study investigates that the serum IL-6 level can be a more 
accurate marker than either the erythrocyte sedimentation rate (ESR), the C-
reactive protein (CRP) or serum white cell counts (WBC) level for the detection of 
periprosthetic joint infection. 
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AIMS AND OBJECTIVES 
 The aim of this study is to find the correlation between the inflammatory 
markers, for the diagnosis of periprosthetic joint infection, in patients undergoing 
revision arthroplasty.  Our working hypothesis is that Interleukin-6 is a better 
sensitive & specific marker for diagnosis of periprosthetic joint infection than the 
conventional markers i.e. Erythrocyte Sedimentation Rate (ESR), C - reactive 
protein (CRP) & Total Leukocyte Count (TLC). The diagnosis of periprosthetic 
joint infection is the most challenging complication of total joint arthroplasty. The 
diagnosis between aseptic loosening and periprosthetic joint infection is often 
difficult and presents a dilemma to the clinician as the treatment differs.  However, 
infection is still the cause of failure after 1% to 2% of primary total hip 
arthroplasties and the rate of failure due to infection is even higher after revision 
procedures. 
 We would be investigating the role of interleukin-6 as a diagnostic marker 
of periprosthetic joint infection in patients undergoing revision hip or knee 
arthoplasty. To determine whether assessment of the interleukin-6 level can be 
used to detect peri prosthetic infection, we are proposing a prospective, cross 
section study design   to study a series of patients who will be undergoing a 
revision total hip or knee arthroplasty. 
 We propose to preoperatively estimate  interleukin-6, erythrocyte 
sedimentation rate (ESR), C- Reactive Protein(CRP) and  blood cell counts (Total  
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blood count), joint aspirate examination for Total Leukocyte Count & percentage 
of polymorph nuclear Cells (PMN%) and analyse the sensitivity, specificity, 
positive predictive Value, negative predictive value of each in aseptic loosening 
and periprosthetic joint infection. Periprosthetic Joint Infection (PJI) will be 
defined as per the guideline on the Proceedings of the International Consensus 
Meeting on Periprosthetic Joint Infection (41) which states the following criteria: 
•  Two positive periprosthetic cultures with phenotypically identical  
organism, 
• Or a sinus tract communicating with the joint,  
• Or having 3 of the following minor criteria:  
 Elevated serum CRP & ESR;(ESR>30mm/hr;CRP>10mg/L) 
 Elevated synovial fluid WBC count;(>3000cells/µL) 
 Elevated synovial fluid Polymorhonuclear cells percentage 
(PMN% >80%) 
 Positive histological analysis of periprosthetic tissue; 
(Histopathological analysis should show  at least five  
polymorphnuclear leukocytes per high-power field  of the  
periprosthetic tissue specimens ) 
 A Single positive culture 
OBJECTIVE: The objective of this study is to investigate the correlation between 
the inflammatory markers for the diagnosis of periprosthetic joint infection in 
patients undergoing revision arthroplasty. 
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HYPOTHESIS: Interleukin-6 is an accurate, i.e. specific and sensitive, marker of 
periprosthetic joint infection in revision arthroplasty as compared to conventional 
markers i.e. E.S.R, C.R.P and T.L.C. 
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REVIEW OF LITERATURE 
 
 Implantation of joint prostheses is becoming increasingly common, 
especially for the hip and knee. It provides significant reduction in discomfort and 
immeasurable improvement in mobility for patients.(1)(2).  It has been estimated 
that around 800,000 hip and knee prostheses implantation procedures are 
performed only in USA  every year, including both primary and revision 
surgery(3).  From reviewing the worldwide literature it is seen that 1 to 5% of these 
prostheses become infected, and as the number of these arthroplasty surgery 
increases so does the number of cases that evolve with infection(3).  Periprosthetic 
joint infection occurs less frequently than mechanical loosening does, but infection 
is considered to be most devastating of prosthesis related complications.  The main 
factors predisposing towards periprosthetic  joint infection that have been cited in 
literature are advanced age, obesity, malnutrition, HIV infection at advanced age, 
diabetes mellitus, presence of distant infectious foci (1)(2).  Patients with 
rheumatoid or psoriatic arthritis are estimated to be three to eight times greater risk 
of postoperative joint infection than other patients.  Prolonged duration of surgery, 
performing bilateral arthroplasty, and blood transfusion are other factors related to 
occurrence of periprosthetic joint infection. Other factors that delay wound healing, 
such as hematoma, wound abscesses, cellulitis or necrosis, also increase the risk of 
infection.  It is important to emphasize that the presence of the joint prosthesis 
leads to functional loss among the local granulocytes that accumulate around the 
implant, which become partially degranulated with diminished production of 
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superoxide dismutase and loss of defence capacity against bacteria, particularly 
against Staphylococcus aureus. Thus, the presence of the implant decreases the size 
of the bacterial inoculum needed for infection to occur, by more than 100,000-
fold(4).  Joint prostheses can become infected through three different routes: direct 
implantation, hematogenic infection, and reactivation of latent infection.  
Microorganisms may penetrate the wound during the operation from both 
endogenous and exogenous sources. Examples of such sources include patient’s 
cutaneous microbiota, microbiota of members of the surgical team, environment, 
and even contaminated implants. Bacteraemia from distant infectious foci may 
cause prosthesis contamination through a haematogenous route. The primary foci 
most frequently reported in the worldwide literature are the respiratory, cutaneous, 
urinary, dental, and gastrointestinal tracts (2)(4). 
CHRONOLOGICAL PRESENTATION OF INFECTION 
  The characteristic signs of periprosthetic joint infection can be divided into 
acute manifestations which are severe pain, toxaemia, high fever, rubor, heat and 
surgical wound discharge, and chronic manifestations which are formation of sinus 
or fistulae, progressive pain, and purulent secretions without fever.  Most widely 
used classification system is the one proposed by Fitzgerald Jr. et al, who had 
divided infections in arthroplasty as follows(5). 
(i) Acute postoperative infections occurring within three months of the 
surgery. The etiological agents are generally of hospital origin, especially S. 
aureus and S. epidermidis; 
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(ii) Deep late infections that appear between three months and two years after 
the surgery. The etiological agents are considered to be of nosocomial 
origin, since the contamination probably occurred during the act of 
prosthesis implantation and generally consist of bacteria from the normal 
microbiota of the skin, such as S. epidermidis(6) 
(iii)  Late hematogenic infections that occur more than two years after the 
surgery. The etiological agents are of community origin and are determined 
by the apparent source of bacteria; dental infections are associated with 
bacteraemia due to S. viridans and anaerobic bacteria, while cellulitis and 
skin abscesses are associated with S. aureus or streptococci. 
Enterobacteriaceae originate from the gastrointestinal and genitourinary 
tracts(7). 
C- Reactive protein and Erythrocyte Sedimentation Rates, despite being non-
specific, have shown sensitivity varying from 91% to 93%, respectively and 
specificity varying from 86% to 83%, respectively, in patients with knee 
arthroplasty and appears to be an useful screening tool(8)(9). 
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RADIOLOGICAL SIGNS OF INFECTION 
 The X-Ray is the main imaging method used in diagnosing the 
periprosthetic joint infection.  The signs  suggesting  infection, in case of cemented 
prostheses, are wide band of radiolucency at the cement –bone interface or at the 
metal bone interface in case of uncemented prostheses, associated with bone 
destruction(10)(11).  Though it is generally  not possible to differentiate between  
septic and aseptic osteolysis based on a single x ray, previous radiographs are 
needed for comparison (10)(12)(13)(14).  In aseptic loosening, the evolution is 
slow, while in case of infectious loosening, the loosening is rapid and aggressive 
with greater bone destruction (15).    
 A computed tomography (CT) scan may help in distinguish between septic 
and aseptic loosening.  Presence of periosteal reaction or accumulation of soft 
tissue adjacent to area of osteolsysis is highly suggestive  of periprostheticjoint 
infection (16)(17)(18). 
 Ultrasonography may also be used to identify the presence of soft tissue 
fluid collections(18). 
 The role of magnetic resonance imaging (MRI) is very limited because of 
the artefacts which are generated by joint prostheses.  The techniques of reducing 
artefacts on MRI exists (19) but they are not enough to enable adequate evaluation 
around the prosthesis (20)(21)(22).  
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 Methods derived from nuclear medicine can also be used(23).  Three phase 
bone scintigraphy has high sensitivity but low specificity. Bone scan has high 
negative predictive value, that is loosening is ruled out if result is normal.  Positron 
emission tomography using fluorodeoxyglucose (FDG-PET) presents a  very 
divergent results in the literature, with accuracies ranging from 43% to 
92%(24)(25)(26), therefore it is not considered a reliable method for evaluation of 
periprosthetic infection. Scintigraphy using labelled leukocytes provides excellent 
results, with accuracy of more than 90% and this is scintigraphy method of choice 
for evaluating periprosthesis joint infection. But this method is limited due to low 
availability in clinical practice. 
HAEMATOLOGICAL TESTS FOR PERIPROSTHETIC JOINT 
INFECTION 
 Measurements of the Westergren erythrocyte sedimentation rate, the rate at 
which red blood cells sediment from whole blood, and of the level of C-reactive 
protein, a protein produced in the liver, are serologic tests that may be an important 
part of a diagnostic workup of patients with suspected periprosthetic infection. The 
erythrocyte sedimentation rate and the C-reactive protein level normally rise 
rapidly after joint arthroplasty, reaching peak levels several days  after the 
operation, with the C-reactive protein level peaking slightly earlier than the 
erythrocyte sedimentation rate(27-29).  In the absence of an inflammatory 
arthropathy or infection, the serum level of C-reactive protein usually returns to 
normal by about three weeks after the arthroplasty(29),  although values may take 
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longer to normalize after knee arthroplasty than after hip arthroplasty(28).The 
erythrocyte sedimentation rate decreases more slowly than does the C-reactive 
protein level, may show some diurnal variation, and may remain slightly elevated 
for six weeks after the arthroplasty(29). Elevations in the erythrocyte sedimentation 
rate and especially in the C-reactive protein level after three months suggest the 
possibility of infection(6,30), but these levels need to be interpreted along with 
other findings. C-reactive protein levels and erythrocyte sedimentation rates may 
be slightly elevated in patients in whom heterotopic ossification has developed, are 
less predictive of infections in patients with underlying inflammatory arthropathies, 
may be elevated in patients with other postoperative complications such as 
bronchopneumonia(31), and sometimes may not be elevated in the presence of 
periprosthetic infection. Measurements of the erythrocyte sedimentation rate in 
particular may have a high frequency of false-positive results(32).  If inflammatory 
arthropathies were excluded, the erythrocyte sedimentation rate was found to have 
sensitivity of 82% and a specificity of 85%. The predictive value of a negative test 
was only 58%, while the predictive value of a positive result was 95%. The C-
reactive protein level was found to be a better indicator of infection than the 
erythrocyte sedimentation rate, with the C-reactive protein level having a 
sensitivity of 86%, a specificity of 92%, and predictive values for negative and 
positive tests of 74% and 99%, respectively. While neither the erythrocyte 
sedimentation rate nor the C-reactive protein level is diagnostic of infection, values 
that increase (or fail to decrease) three months after an arthroplasty should raise the 
suspicion of infection and prompt additional diagnostic studies.  Another serologic 
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test that has shown promise for diagnosing infection is measurement of the serum 
level of interleukin-6 (IL-6), a factor produced by monocytes and macrophages. In 
a recent study, the serum level of IL-6 was found to be consistently elevated (>10 
pg/mL [>10 ng/L]) in patients with periprosthetic infection, and it had a higher 
predictive value than most other serologic markers(33). A potential advantage of 
measuring the IL-6 level is that the level returns to normal soon (within forty-eight 
hours) after the operation and is not likely to be elevated in patients with aseptic 
loosening. However, it may be elevated in patients with an underlying 
inflammatory arthropathy.  
 
JOINT ASPIRATE IN DIAGNOSIS OF PERPROSTHETIC JOINT 
INFECTION 
 One of the most important tests in the evaluation for potential 
periprosthetic infection is culture of the fluid aspirated from the joint. In 1993, 
Barrack and Harris reported on a series of 270 consecutive patients who had 
undergone aspiration and culture shortly before revision total hip arthroplasty, even 
when the clinical features did not necessarily suggest infection(34) The results of 
291 successful aspirations in 260 patients were evaluated. Six hips (2%) were 
eventually found to be infected. The cultures of the aspirates had six true-positive 
results, four false-negative results, and thirty-three false-positive results. The high 
frequency of false-positive results yielded a sensitivity of only 60% and a positive 
predictive value of only 15%, giving the impression that culture of aspirated fluid 
is a relatively poor test, at least when performed in a consecutive series of patients 
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who had not been screened for features suggestive of infection. In a later study, 
however, Barrack et al. performed cultures of aspirated fluid obtained from sixty 
nine patients with a symptomatic total knee replacement(35) . Twenty of the knees 
were ultimately diagnosed as being infected, whereas forty-nine were considered to 
be not infected. Some patients underwent multiple aspirations, but the initial series 
of cultures yielded eleven true-positive results, forty- seven true-negative results, 
two false-positive results, and nine false-negative results, with sensitivity and 
specificity values of 55% and 96%, respectively. The predictive value of a positive 
result in this series of knee arthroplasties was 85%, which was considerably better 
than the 15% predictive value of a positive result in the 1993 study of hip 
arthroplasties. There are several possible reasons for the difference in the 
predictive values between the above studies (34,35). One possible reason is that 
one study dealt with hips and the other, with knees. False-positive test results may 
be more common in fluids aspirated from hips than in those aspirated from knees. 
On the other hand, the prevalence of infection in the second study (29%) was much 
higher than that in the first (2%), presumably because the test was applied to all 
patients undergoing revision arthroplasty in the first study but was limited to 
patients with “symptomatic” knee replacements in the second. The important effect 
of prevalence on calculations of predictive values is illustrated by using the 
Bayesian equation to calculate the positive predictive value. Including prevalence 
in the calculation yields a positive predictive value of only 15% in the 1993 study 
of hip fluid aspirations but a value of 72% in the 1997 study of knee aspirations. 
These calculations illustrate that the predictive value of a positive result of a 
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culture of joint fluid is higher if the study is not used as a screening test for 
infection but is used instead as a confirmatory test for patients in whom clinical 
findings (or prior laboratory test results) have already raised the suspicion of 
infection. 
JOINT FLUID ANALYSIS FOR DIAGNOSIS OF PERIPROSTHETIC 
JOINT INFECTION 
 Several studies have indicated that cell counts of fluid aspirated from 
around total joint prostheses can also provide useful information, although the 
literature is somewhat difficult to interpret, in part because authors have used 
different units of volume to express values. For example, in a prospective study, 
Spangehl et al. included cell counts among other tests to diagnose infections at the 
sites of total hip arthroplasties(36). Use of 50×109cells/L, (50,000 cells/µL), as a 
cut-off point for the diagnosis of infection yielded a sensitivity of only 36%, 
reportedly because of frequent false-negative results, and use of 80% neutrophils as 
a cut-off resulted in a positive predictive value of only 52% because of a high 
frequency of false-positive findings (37). Kersey et al. prospectively analyzed the 
white blood-cell count and differential of fluid from seventy nine knees (seventy-
four patients) prior to revision arthroplasties performed because of aseptic failure 
(38). Patients who were thought to have an infection were excluded. The mean 
white blood-cell count in the joint fluid was 782/mL (<1/µL), with a mean 
differential of 13% neutrophils, but eight uninfected knees had a leukocyte count of 
>2000/mL (2/µL). Four of those knees were affected by rheumatoid arthritis, and 
three of the knees with rheumatoid arthritis had >50% neutrophils. The authors 
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concluded that synovial white blood-cell counts and differential counts from 
uninfected sites of total knee replacements are similar to the counts in fluid from 
knees without an implant, and they suggested that <2000 white blood cells/mL and 
<50% neutrophils suggests the absence of infection (38). It should be noted, 
however, that Kersey et al. did not include patients with infection in their series, 
and it is recognized that other conditions, such as crystalline arthropathies, can be 
associated with a high concentration of neutrophils in the joint fluid. 
 In 2003, Mason et al. retrospectively reviewed data on 440 revision total 
knee arthroplasties and identified eighty-six patients who had presented with 
clinical features suspicious for infection and had therefore undergone joint fluid 
aspirations (39).The mean white blood-cell count for the fifty knees that were 
found to be uninfected was 645±878/mL (about 6/µL),whereas the mean count for 
the thirty-six infected knees was 25,951/mL (260/µL). There was a mean of 
72.8%±28.6% neutrophils in the infected knees and 27%±24% in the uninfected 
ones. The authors suggested that the optimum criteria for diagnosing infection 
included a white blood-cell count of >2500/mL and >60% neutrophils (39). 
Trampuz et al(40)  prospectively evaluated synovial fluid specimens from ninety-
nine patients with septic failure of a total knee prosthesis and from thirty-four 
patients with an infection at the site of a total knee arthroplasty. 
 Using receiver operator characteristic curves, the authors estimated that a 
synovial fluid leukocyte count of 1.7 × 10/µL or a differential count of >65% 
neutrophils was the optimum cut-off for a diagnosis of infection(40). The disparity 
in reported cell concentrations suggests that some authors may not have reported 
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the correct units of volume. Setting aside the inconsistencies in units, there are still 
discrepancies with regard to the level at which the cell count in fluid from the site 
of a prosthetic joint may be considered abnormal. From a practical standpoint, we 
consider a white blood-cell count of >500/µL as suggestive of periprosthetic 
infection. The current definition of Periprosthetic Joint Infection(PJI)  is  defined 
as per the guideline on the Proceedings of the International Consensus Meeting on 
Periprosthetic Joint Infection , which mentions the two minor criteria as synovial 
fluid count > 3000 cells/µL and PMN%(>80%)(41). 
 
FROZEN SECTION ANALYSIS OF PERIPROSTHETIC TISSUE 
 The most frequently used intra operative test for infection is the 
interpretation of frozen sections of tissue obtained from the joint capsule or 
periprosthetic membrane. Sometimes these specimens show marked acute 
inflammation and are essentially diagnostic of ongoing infection. Other times, 
there is essentially no inflammation, an observation that suggests the absence of 
infection. However, implant membranes sometimes have a low concentration of 
neutrophils or contain lymphocytes and plasma cells without neutrophils. The 
importance of this borderline inflammation is not obvious, and many investigators 
have attempted to establish histological criteria that are diagnostic of infection. As 
will be described below, these authors have used different criteria for the 
histological diagnosis of infection, have employed different reference standards 
with which to compare the histological results, and have arrived at different 
conclusions, especially with respect to the importance of lymphocytes and plasma 
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cells. Some authors  have prospectively tested consecutive patients (thereby using 
frozen sections as a screening test), whereas others have evaluated frozen sections 
only when there was a suspicion of infection at the time of the operation (thereby 
using frozen sections as a confirmatory test). As was true of the cultures of 
aspirated fluid described above, analyzing frozen sections from all patients 
undergoing revision arthroplasty is likely to reduce the specificity and predictive 
value of positive results compared with the values derived when frozen sections are 
analyzed only when there is clinical suspicion of infection at the time of surgery. 
Perhaps the first study of the use of frozen sections to diagnose an infection at the 
site of an arthroplasty was reported by Charosky et al. in 1973.  
 Those authors described the results of analysis of frozen sections of implant 
membranes obtained from twenty patients, ten of whom had intra operative 
cultures that were positive for organisms and ten of whom had negative cultures. 
Of the ten with positive cultures, five had acute inflammation that was “2+ or 
greater” (not otherwise defined) and the other five had chronic inflammation that 
was “2+ or greater.” The authors concluded that acute inflammatory changes or 
“severe chronic inflammation” were presumptive evidence of infection. In 1995, 
Athanasou et al. (42) reported on a prospective study in which frozen sections from 
several different sites were obtained during each of 106 hip and knee revision 
arthroplasties performed between 1991 and 1993, and the results were compared 
with those of intraoperative cultures. In an evaluation of ten high-power fields with 
maximal inflammation, the author’s quantified inflammatory cells into four tiers 
(absent, one, one to five, and more than five cells per field). Of note, lymphocytes 
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and plasma cells were included along with neutrophils, but neutrophils entrapped 
in fibrin adherent to the surface of the membrane were excluded. Intraoperative 
cultures were considered positive if organisms grew on direct plating or if a similar 
strain grew on enrichment in more than one culture; single isolates from only one 
culture were considered to be negative findings.  
 On the basis of the culture results, twenty-four arthroplasty sites were 
determined to be infected and eighty-four were considered to be not infected. 
Compared with these culture results, the frozen-section analysis yielded two false-
negative and three false-positive results—a sensitivity of 90%, a specificity of 
96%, and positive and negative predictive values of 88% and 98%. The authors 
noted that there were occasional lymphocytes in the thirty-six uninfected cases 
.These cells were often perivascular and were not regarded as suspicious for 
infection. In addition, three patients with underlying rheumatoid arthritis had 
numerous lymphocytes and plasma cells, and five patients with aseptic loosening 
and abundant metal particles also had moderate numbers of lymphocytes. While 
these patients were recognized as probably not having an infection, the authors 
noted that: “in the absence of rheumatoid disease, plasma cells were a good marker 
of infection, being noted in eight of the infected cases.” Of the two patients who 
were considered to have a “false-positive” frozen section on the basis of a negative 
intra operative culture, one had loosening eighteen months later and was found to 
have an infection at the repeat revision arthroplasty. The second patient also had a 
clinical course suggestive of infection, which again emphasizes the limitation of 
using intra operative culture results as a reference standard. In 2000, Pandey et al. 
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(43) reported a study that appears to have overlapped, in part, with the study by 
Athanasou et al. (42) .Pandey et al. retrospectively reviewed the results of 
histologic tissue analysis and intraoperative cultures of specimens from 617 
revision arthroplasties  performed between 1992 and 1996 at several hospitals 
affiliated with the Oxford Skeletal Infection Research and Intervention Service. 
Although there was overlap among the authors of the two studies (43)(42), 
different criteria were used for the histologic diagnosis of infection. At least ten 
high power fields were evaluated, and an average score for the various 
inflammatory cells was calculated (43). One inflammatory cell per high-power 
field in at least ten fields was considered to be consistent with infection. For the 
intraoperative cultures, isolation of the same organism from three or more culture 
specimens was considered diagnostic of infection. Organisms were considered 
contaminants if different strains grew in different broths and there was no growth 
on direct plating. A single isolate was considered to be unimportant. Of the 617 
revision arthroplasty sites, 526 were clinically suspected to be aseptic and ninety-
one were suspected to be infected. Eighty-one were proven to be infected 
according to the microbiologic criteria noted above. Five hundred and twenty-one 
cases had no growth on culture and had negative histological findings as only 
scattered lymphocytes were present (true-negative histological findings).Both the 
cultures and the histological analysis showed features of infection in seventy-nine 
cases (true-positive histological findings). Two cases had “significant growth of 
organisms” on culture but negative histologic findings (false-negative histological 
findings), and ten cases had negative cultures but acute inflammation in the peri-
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implant membrane. Seven of the ten patients had received preoperative antibiotics, 
and all ten were treated clinically as if they had an infection. Finally, five cases 
showed inflammation in the tissue but negative cultures. Two of these patients had 
rheumatoid arthritis and loosening developed within two years. 
 As described above and in additional studies(44–46), criteria for 
interpreting microscope slides of frozen sections are not yet uniform. Considering a 
low number of neutrophils (for example, one cell per high-power field  (43) or 
even lymphocytes or plasma cells (42) to be diagnostic of infection will provide 
maximum sensitivity but will be associated with false-positive diagnoses and hence 
decreased specificity. Use of more stringent criteria (for example, tenpolymorph 
nuclear leukocytes per high-power field in at least ten high-power fields (47) will 
improve specificity at the expense of sensitivity . Numeric criteria are complicated 
even more by differences in the visual field size of different microscopes. While 
most authors have used 10× ocular and 40× objective lenses (yielding a nominal 
net magnification of 400×), other differences in microscope and camera 
configurations can vary the visual field by as much as two fold. Therefore, the 
number of inflammatory cells per high-power field should be recognized as only an 
approximation. Partly on the basis of the studies described above, we currently 
interpret a frozen section as being suggestive of infection if it contains at least five 
neutrophils in each of three 400× high-power microscopic fields located beneath 
the surface of the membrane. In the appropriate clinical setting, even fewer 
neutrophils should raise the suspicion of infection.  Neutrophils entrapped in 
superficial fibrin or adherent to endothelial cells (marginating) are not thought to 
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be diagnostic of infection, but neutrophils in fibrous tissue between the capillaries 
that compose granulation tissue may be predictive of infection. Frozen sections of 
tissue from a patient with an underlying inflammatory arthropathy such as 
rheumatoid arthritis are especially difficult to interpret because, in these patients, 
acute inflammation involves peri implant membranes even in the absence of 
infection. Lymphocytes and plasma cells have been seen in biopsy specimens from 
patients who have been treated with antibiotics for infection, but these cells are 
currently thought to be nonspecific and in general not predictive of active infection. 
Inflammation is not uniformly distributed around the prosthesis, so frozen-section 
analysis of biopsy specimens taken from several different sites increases the 
sensitivity compared with that of an analysis of a single biopsy specimen. It is also 
important for the tissue submitted for frozen-section analysis to adequately 
represent the fibrous membrane and not contain only superficial fibrin. Although 
we continue to use the same histological criteria for diagnosing active infection at 
the second stage of a two-stage revision arthroplasty done because of infection, the 
predictive value of these observations in this clinical context (after the use of local 
and systemic antibiotics)requires further study (as described below). 
Communication and feedback between the surgeon and pathologist are key to help 
both physicians to determine the clinical importance of inflammation in any given 
case. 
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 Periprosthetic Joint Infection (PJI) is defined as per the guideline by. 
Parvizi J, Gehrke T, Chen AF in the “Proceedings of the International Consensus 
on Periprosthetic Joint Infection” Which states the following criteria: 
• Two positive periprosthetic cultures with phenotypically identical  
organism, 
• Or a sinus tract communicating with the joint,  
• Or having 3 of the following minor criteria:  
 Elevated serum CRP & ESR;(ESR>30mm/hr;CRP>10mg/L) 
 Elevated synovial fluid WBC count;(>3000cells/µL 
 Elevated synovial fluid PMN%; (>80%) 
 Positive histological analysis of periprosthetic tissue; 
(Histopathological analysis should show  at least five  
polymorph nuclear leukocytes per high-power field  of the  
periprosthetic tissue specimens ) 
 A Single positive culture 
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MICROBIOLOGIC CULTURES OF TISSUE 
 
 
 The results of culture of tissue and/or fluid obtained during revision 
arthroplasty are usually considered the gold standard for determining the presence 
or absence of periprosthetic infection. While the clinical utility of intraoperative 
culture is clear, when viewed in the context of extended follow-up, the test still can 
yield false-negative and false-positive results. Other authors have described cases 
in which, despite the presence of acute inflammation in the peri prosthetic 
membrane and a clinical postoperative course consistent with infection, the 
intraoperative cultures remained negative. Some of the patients with negative 
cultures may have taken perioperative antibiotics. In a prospective study involving 
revision arthroplasty in 297 patients with a total of forty-one infections, Atkins et 
al. noted that only 65% of all samples obtained from the infected joints were 
culture positive(74). They recommended obtaining five or six culture specimens 
from each patient and suggested that the cutoff for a definite diagnosis of infection 
be growth of the identical organism on culture of three or more specimens. In 
general, it is recommended that surgeons take special precautions to minimize 
tissue contamination, such as obtaining multiple samples from deep tissues, using 
clean instruments for tissue retrieval, transferring tissue to the culture bottle 
without allowing contact with the operative field or gloves, and transferring of the 
culture samples to the laboratory for processingas quickly as possible. To minimize 
the incidence of false-negative cultures, representative samples should be obtained 
with sharp dissection, administration of antibiotics should be discontinued at least 
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two weeks prior to the surgery, and intra operative antibiotics should be withheld 
until the tissue samples are retrieved. Communication between the microbiologist 
and the orthopaedic surgeon is critical for isolation of rare and difficult-to-isolate 
organisms. The use of sonication may help to identify organisms that are adherent 
to implants or are contained within biofilm(75–77). 
 
DIAGNOSING INFECTION AT THE TIME OF REIMPLANTATION 
 
 
 The understanding of the sensitivity and specificity of various observations 
and laboratory tests for the diagnosis of periprosthetic infection has been based 
mostly on the evaluation of patients who have undergone primary hip or knee 
arthroplasty. Criteria for diagnosing persistent infection at the time of 
reimplantation in a two-stage revision arthroplasty are even more ill-defined. To 
present knowledge, the use of frozen sections for diagnosing persistent infection at 
the time of reimplantation has been evaluated in only a single study(78).  Using 
intraoperative cultures as the  gold standard and the morphologic criterion of ten 
neutrophils or more in each of five high powered fields, Della Valle et al. 
recognized only one of four persistent infections in a series of sixty-four 
cases(sensitivity 25%)(78). While specificity was 95%, the sensitivity of frozen 
section interpretation in this clinical setting seems to be lower than that in the 
setting of primary arthroplasty. Reducing the number of inflammatory cells needed 
to diagnose infection would be expected to increase sensitivity but might reduce 
specificity. Additional studies are needed to help clarify the most effective tests for 
diagnosing infection in this setting. 
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ENDOTOXIN 
 
 Lipopolysaccharide is a component of the cell wall of gram negative 
bacteria. It can be released during episodes of infection, it is pyrogenic; and, when 
present in high enough concentrations, it can induce the release of interleukins, 
tumor-necrosis factor, and other cytokines from monocytes and macrophages. 
Although “endotoxin” strictly refers to lipopolysaccharide from gram-negative 
organisms, similar molecules may also be associated with gram-positive 
organism(79). Although endotoxin is usually neutralized before causing systemic 
symptoms, there is increasing evidence that it may adhere to orthopaedic 
biomaterials, including particles of wear debris, and may enhance the inflammatory 
reaction to particles that is usually associated with aseptic loosening(80–82) . 
Therefore, contamination of implants or instruments with bacterial endotoxin 
might yield an inflammatory reaction similar to that seen around infected implants. 
The potential clinical importance of endotoxin in periprosthetic infection and in 
cases of “aseptic” loosening requires further study. 
 
MOLECULAR TECHNIQUES 
 
 With the advances in molecular biology, several sophisticated techniques 
are being developed for the diagnosis of periprosthetic infection. One such 
technique is the use of the polymerase chain reaction (P.C.R)  for detecting 
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evidence of organisms(83–85). The technique relies on the use of forward and 
reverse primers designed to match specific sequences of target DNA. 
 The most common target gene for bacterial identification is the 16S rRNA 
gene that is conserved in nearly all species of bacteria. For example, Tunney et 
al.(75) used polymerase chain reactions to test for evidence of bacteria in fluids 
obtained by sonication of 120 hip implants retrieved at revision arthroplasty. The 
implants were first placed in a water bath and then exposed to ultrasound to disrupt 
any biofilm and dislodge organisms. With use of primers for the 16S rRNA gene, 
72% of their cases were interpreted as positive. The main problem with this 
technique is related to the apparently high prevalence of false-positive results, 
which have several possible sources(86–88).  First, polymerase chain reactions 
detect bacterial DNA from both viable and necrotic organisms, so traces of only a 
few necrotic bacteria dislodged by sonication from an implant surface may yield a 
positive test result. Second, one of the reagents employed in polymerase chain 
reactions (Taq polymerase) is derived from recombinant technology involving use 
of Escherichia coli organisms. Trace levels of DNA from the Escherichia coli 
contaminating the Taq polymerase reagent can also yield false-positive results of 
the polymerase chain reaction. Finally, the broad sensitivity of polymerase chain 
reactions directed against the 16S rRNA detects even trace contamination by 
clinically irrelevant organisms that occurs after specimen acquisition. One way to 
improve the specificity of polymerase chain reactions is to use primers and probes 
directed against a specific organism, or group of organisms, most likely to be 
involved in clinically important orthopaedic infections. Thus, combinations of 
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specific polymerase chain reaction assays may ultimately prove to be more useful 
than broad-spectrum, so-called “universal” bacterial assays. Other new techniques 
that may have a role in diagnosing infection include the use of microarray (89)and 
proteomics technologies. A microarray allows isolation and evaluation of 
numerous mRNA genes with a single test. Proteomics allows simultaneous 
isolation and evaluation of numerous proteins. The premise of these techniques is 
to identify organism-specific genes or proteins. The challenge for all of the new 
molecular tests will be to distinguish clinically important infections from trace 
levels of necrotic bacteria or contaminants and to provide that information quickly 
enough to be of practical help in guiding patient care. 
 
INTERLEUKIN-6 
 Interleukin-6 (IL-6) is a 26-kilodalton pleiotropic cytokine that functions as 
a proinflammatory and anti-inflammatory molecule, a modulator of bone 
resorption, a promoter of hematopoiesis, and an inducer of plasma-cell 
development(48–50) .IL-6 is produced by stimulated macrophages(51) and 
monocytes when tissue is injured (52). The serum IL-6 level in normal individuals 
is approximately 1 pg/mL (53), with slight elevations during the menstrual cycle , 
modest elevations of up to 10 pg/mL in patients with certain cancers (for example, 
melanoma) (54), and large elevations of 30 to 430 pg/mL for as long as three days 
after surgery (55).IL-6 plays an important role in modulating immune function (48) 
as it is a primary stimulator of other acute-phase proteins such as C-reactive 
protein, serum amyloid A protein (52), haptoglobulin, protease inhibitors (for 
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example, α-antitrypsin and α 1-anti chymotrypsin), complement factors, and 
fibrinogen (56) and functions to regulate pyrexia by pituitary hormones (52). 
Accumulating evidence indicates that the serum IL-6 level can be a valuable 
marker of inflammation in association with trauma, sepsis, meningitis, malaria, 
arthritis, and shock as well as after major cardiac and abdominal surgery (57–60). 
Elevated IL-6 levels have been found in association with bacterial meningitis and 
acute viral infections of the central nervous system(61–63). In addition, several 
investigators have described elevated IL-6 levels in patients with sepsis and 
documented bacteremia (including neonatal bacterial infection), which in some 
cases is associated with morbidity and mortality(57,64–73). 
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MATERIALS AND METHODS 
 
STUDY POPULATION: 
 This study included patients who were planned for revision hip or knee 
arthroplasty, either for loosening, implant exchange or because of periprosthetic 
joint infection, between 1st July 2014 to 1st August 2015. These patients were 
approached for recruitment in the study, from Orthopaedic units I, II & III. Written 
informed consent was taken after completely explaining the nature of study. 
 
STUDY DESIGN AND METHODOLOGY: 
 We conducted a prospective, observational, cross sectional study, which 
included patients who were planned for revision hip or knee arthroplasty, either for 
loosening, implant exchange or because of periprosthetic joint infection (PJI). 
Preoperative patient blood samples were sent for peripheral total white blood-cell 
count (TLC), the erythrocyte sedimentation rate (E.S.R), serum C-reactive protein 
levels (C.R.P), serum interleukin-6 (IL-6). Synovial fluid aspiration was done 
(under radiological guidance) and sent for analysis (for total leukocyte counts and 
percentage of polymorph nuclear cells). Peroperatively, frozen section 
histopathological biopsy of the periprosthetic tissue, periprosthetic tissue cultures 
(three in number), and fluid aspirate if not sent earlier, were send.  
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The diagnosis of periprosthetic joint infection was confirmed based on the 
diagnostic criteria laid by Parvizi J, et al.which stipulates: 
•  Two positive periprosthetic cultures with phenotypically identical  
organism, 
• Or a sinus tract communicating with the joint,  
• Or having 3 of the following minor criteria:  
 Elevated serum CRP & ESR;(ESR>30mm/hr;CRP>10mg/L) 
 Elevated synovial fluid WBC count;(>3000cells/µL) 
 Elevated synovial fluid PMN%; (>80%) 
 Positive histological analysis of periprosthetic tissue; 
(Histopathological analysis should show  atleast five  
polymorph nuclear leukocytes per high-power field  of the  
periprosthetic tissue specimens ) 
 A Single positive culture 
 
 We analysed the sensitivity, specificity, positive predictive Value, negative 
predictive value and accuracy of each marker in aseptic loosening and 
periprosthetic joint infection and investigated the correlation. 
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STUDY POPULATION INCLUSION AND EXCLUSION CRITERIA: 
INCLUSION CRITERIA: 
1. Patient admitted for revision hip or knee arthroplasty, implant exchange, 
irrespective of the hospital where the previous hip arthroplasty 
done.(Total Joint Arthroplasty done elsewhere, i.e. outside Christian 
Medical College Vellore will be included) 
2. Adult patient i.e. more than 18 years of age 
3. Both male and female patients will be included 
EXCLUSION CRITERIA: 
1. Paediatric age group  
2. Critically ill patient i.e. patient admitted in intensive care unit for any 
reason. 
3. Patients not willing for the study 
4. Patients on treatment with DMARD (Disease-modifying anti rheumatic 
drugs). 
 
 
34 
 
DATA SOURCES / MEASUREMENT 
INTERLEUKIN-6 ASSAY: 
 SOURCE OF DATA:  data regarding serum values interleukin-6 was 
obtained from the microbiology laboratory of Christian Medical College. 
METHOD OF ASSESSMENT: 
• Assessment regarding interleukin-6 was done under the expert guidance of a 
Professor from the department of microbiology, Christian Medical College 
Vellore. 
• The quantitative assessment of IL-6 was done by “QUANTAKINE HS 
ELISA” kit, manufactured by R&D systems, Minneapolis, MN 55413, USA. 
ERYTHROCYTE SEDIMENTATION RATE (E.S.R): 
SOURCE OF DATA: 
• Data regarding blood values of E.S.R was obtained from the department of    
Clinical Pathology, Christian Medical College Vellore. 
 METHOD OF ASSESSMENT:  
• Assessment of blood values of E.S.R was done by Westergren method as per 
the standard Operating Protocol. 
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C-REACTIVE PROTEIN (C.R.P): 
SOURCE OF DATA:   
•  Data regarding blood values of C.R.P was obtained from the Department of 
microbiology, Christian Medical College Vellore. 
METHOD OF ASSESSMENT:  
• Assessment of blood values of C.R.P was done by as per the standard 
Operating Protocol of department of Microbiology, Christian Medical College 
Vellore. 
TOTAL LEUCOCYTES COUNT (T.L.C): 
SOURCE OF DATA:   
• Data regarding blood values of T.L.C   was obtained from the department of 
Clinical pathology, Christian Medical College Vellore. 
METHOD OF ASSESSMENT:  
• Assessment of blood values of T.L.C was done by as per the standard 
Operating Protocol of department of Clinical Pathology, Christian Medical 
College Vellore. 
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SAMPLE SIZE: 
Based on the literature(1)the sample size was calculated to compare the mean 
interleukin-6 difference between infected and non-infected group:- 
N= 2[Z1-α/2+Zβ] x SD2    / (MEAN1- MEAN2) 
Where,α=5%; Z=1.96 
β=80%; Z= 0.84 
MEAN (INFECTED) = 37.4, SD (INFECTED) =37 
MEAN (NON INFECTED) = 3.4, S D (NON INFECTED) = 4 
N= 12(IN EACH ARM OF INFECTED AND NON INFECTED) 
 A sample of 24 cases (12 infected and 12 non infected) were needed to 
detect a difference of 34 units in interleukin-6 level among infected and non-
infected group with an error of 5% and power of 80%. Mean and standard 
deviation of the Interleukin-6, ESR, CRP& Total Leucocyte Count (TLC) was 
presented. ROC (Receiver Operating Characteristic) curve was evaluated and cut 
off was estimated by diagnostic accuracy. The levels of these parameters among 
infected and  non-infected group was analysed using  Independent T test/Mann 
Whitney µ test to determine the presence of a significant difference  between 
patients with and without infection. The sensitivity, specificity, positive predictive 
value, negative predictive value and accuracy of each each marker of inflammation 
was also calculated. 
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RESULTS 
 The total number of patients assessed   during the above mentioned time 
period was 28, which included 17 male and 11 female patients (Figure1) the mean 
age was 51 yrs., ranging from 21 yrs. to 79 yrs. and median age of 51.5 yrs. (Table 
1). Patients were included from all the three orthopaedics units of our institution, 
unit I, II & III with 4, 5 & 19 patients included  respectively (Figure 2). The 
average duration of stay in hospital was 19.59 days, minimum of 8 days and 
maximum of 81 days with standard deviation of 14.62 and median of 15 days. The 
duration since the last surgery was a mean of 54.5 months, median of 30 months 
and maximum of 180 months with a standard deviation of 49.86. Out of 28 
patients, 8 patients had previous surgery done in our institution, while rest had 
undergone previous surgery elsewhere (Figure 3). 
 
Age  21 to 79 yrs 
Average age             51.0 yrs 
Median age               51.5 yrs 
Standard deviation 14.48 yrs 
Minimum age           21 yrs 
Maximum age          79 yrs 
    Table 1: Age distribution 
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Patients were analysed on the type of previous surgery which they underwent. Out 
of 28 patients, 3 patients had primary total knee replacement, 8 had primary total 
hip replacement while rest were categorised as “others” which were 17 patients 
(Figure 4).  The “others” were, hemiarthroplasty, bipolar hemiarthroplasty, neck of 
femur screw osteosynthesis  for neck of femur fractures, acetabulum fractures post 
internal fixation and dynamic hip screw for intertrochanteric fractures. The 
distribution of the previous surgery is illustrated in Figure 5. 
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Figure 5: Distribution according to Previous Surgery 
 
 
 
 
 
 
 
 
3
2
6
4
5
3 3
2
0
1
2
3
4
5
6
7
PREVIOUS SURGERY
42 
 
 The final result: 8 out of 28 patient were infected and were referred to as 
PJI (Periprosthetic Joint Infection) while 20 patients were found to have aseptic 
loosening, as per the guideline byParvizi J, et.al (41).  (Figure: 8). The 
intraoperative cultures were positive for Coagulase negative  staphylococcus for 
three patients, E.coli for three patients, MRSA (methicillin-resistant 
Staphylococcus aureus) for one patient, Pseudomonas aeruginosa for one patient, 
Klebsiellaspp  for one patient, Staphylococcus aureus for one patient, Proteus 
vulgaris for one patient and Acinetobacterbaumanii for one patient (Table: 2 & 
3).The most common organisms grown in the periprosthetic culture were 
Coagulase negative  staphylococcus and E.coli.   Analysis of the major and minor 
criteria showed that two patients out of 28 had discharging sinuses (Figure: 7) and 
three patients had major criteria present while eight patients had minor criteria 
positive (Figure: 6). 
ORGANISM FREQUENCY 
Coagulase negative  staphylococcus 3 
E.coli 3 
MRSA 1 
Pseudomonas aeruginosa 1 
Klebsiellaspp 1 
Staphylococcus aureus 1 
Proteus vulgaris 1 
Acinetobacterbaumanii 1 
                        
Table 2 : Culture report 
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HOS 
NO. ORGANISM 1 ORGANISM 2 
ORGANISM 
3 ORGANISM 4 
043098g 
Coagulase 
negative  
staphylococcus 
(doubtful) acinetobacterbaumanii nil nil 
884297f nil nil nil nil 
955665f MRSA  E. coli nil nil 
203426g 
Pseudomonas 
aeruginosa(Sc) E.coli (Sc) 
Proteus 
vulgaris (Sc) klebsiellasp (Sc) 
190866g nil nil nil nil 
213543g nil nil nil nil 
126167g nil nil nil nil 
191744g E. coli nil nil nil 
146556d nil nil nil nil 
808653f nil nil nil nil 
018576g nil nil nil nil 
110056g nil nil nil nil 
350008a 
Staphylococcus  
aureus nil nil nil 
768562d 
Coagulase 
Negative 
staphylococcus nil nil nil 
061726g nil nil nil nil 
150351g nil nil nil nil 
077575g nil nil nil nil 
824070b nil nil nil nil 
     
377023f nil nil nil nil 
920695c nil nil nil nil 
054113g 
Coagulase 
Negative 
staphylococcus nil nil nil 
032981g nil nil nil nil 
463422b nil nil nil nil 
047746g nil nil nil nil 
842263c nil nil nil nil 
028135g nil nil nil nil 
879424f nil nil nil nil 
865918f nil nil nil nil 
 
Table 3: Detailed Culture report 
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Figure 6 :Distribution of major and minor criteria 
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Figure 8: Final Outcome (PJI=Periprosthetic Joint Infection) 
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RADIOGRAPHIC RESULTS 
 
 The evaluation of patients with loose or painful prosthetic joint was 
followedup with radiographic studies, after a physical examination. There were 
very few and nonspecific changes which suggested infection on a plain radiograph. 
These included foci of osteolysis, periosteal reaction and bone resoprtion in the 
absence of wear by implant. In this study, however, majority of patients did not 
have any obvious radiographic findings suggestive of infection or showed features 
which were indistinguishable from aseptic loosening. The assessment of aseptic 
loosening was based on specific zones around acetabular and femoral components 
in which changes developed. The femoral component and associated interfaces 
were divided into seven zones ,as described by Gruen et al(74),while the acetabular 
components were divided into three zones, as described by DeLee and 
Charnley(75). The cementless femoral and acetabular components were classified 
as bone ingrowth, stable fibrous fixation or unstable as described by Engh et 
al(76). 
 
 
 
 
 
 
 
 
48 
 
 
  
 
 
 
Figure 9(a): right knee aseptic loosening with implant failure of TKR components 
 
 
 
 
Figure9 (b): patient underwent revision total knee arthroplasty 
 
 
 
 
49 
 
 
 
 
Figure 10(a): Middle aged patient with left hip aseptic loosening and status right 
ASR implant in situ 
 
 
 
Figure 10(b): patient underwent left revision Total Hip Replacement 
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Figure 11(a): patient with aseptic loosening of left hemiarthroplasty component 
 
 
 
Figure 11(b): underwent left hip revision arthroplasty with SROM hip prosthesis  
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Figure 12(a): right cemented THR with aseptic loosening  
 
 
 
Figure 12(b): patient underwent cemented revision Total hip arthroplasty 
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Figure 13(a): middle aged patient with right neckof femur fracture non-union with 
multiple screws in situ, (b) underwent right hip implant exit and revision to total 
hip arthroplasty 
 
 
 
Figure 13(b) 
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Figure 14(a): left hip chronic arthritis and Avascular Necrosis of femoral head  
with Dynamic Hip Screw  implant in situ 
 
 
 
Figure 14(b): patient underwent left hip DHS implant exit and revision to Total 
Hip Arthroplasty 
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Figure 15(a): status right hip excision arthroplasty (b) underwent right hip revision 
to total hip arthroplasty 
 
 
 
Figure 15(b) 
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Figure 16(a): status bilateral total hip arthroplasty with right periprosthetic joint 
infection 
 
 
Figure 16(b): underwent right hip debridement and washout 
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Figure 17(a): left total hip replacement with cortical iliac crest graft with aseptic 
loosening of acetabular components 
 
 
Figure 17(b): patient underwent left hip revision arthoplasty – with placement of 
acetabular contour cage 
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HISTOPATHOLOGICAL EXAMINATION (HPE) ANALYSIS 
 
  The values of neutrophils counts per high power field, on histopathological 
examination, between infected and non-infected cases were analysed. Based on the 
contingency table (table: 4) the sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) were calculated (Table: 4). Fisher’s 
exact test was used to determine direct statistical comparison between the tests. 
Our study uses the cut-off value more than five  neutrophil counts per high power 
field, on histopathological examination, of the periprosthetictissue. The analysis 
demonstrated that histopathological examination of periprosthetictissue had    
Sensitivity of 75%, specificity of 100%, positive predictive value of 100%,negative 
predictive value of 90.9% and Accuracy of 92.85%. 
 
 
STATUS Positive (HPE) Negative(HPE) TOTAL 
PJI 6 2 8 
ASEPTICLOOSENING 0 20 20 
TOTAL 6 22 28 
 
Table 4: Contingency table- Histopathologicalanalysis (HPE) 
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HISTOPATHOLOGICAL EXAMINATION (HPE) AND INTERLEUKIN-6 
ANALYSIS 
 
  The analysis   of neutrophils counts per high power field, on 
histopathological examination and serum Interleukin-6 Levels ,between infected 
and non-infected cases , wasdone by  the contingency table(table:4), the sensitivity, 
specificity, positive predictive value(PPV) and negative predictive value(NPV) 
were calculated (Table:5).  Fisher’s exact test was used to determine direct 
statistical comparison between the tests. Our study uses the cut-off value more than 
five  neutrophil counts per high power field, on histopathological examination, of 
the periprosthetic tissue and Interleukin-6 serumcut-off value which was 
>5.51pg/mL. The analysis demonstrated that combined histopathological 
examination (HPE) of periprosthetic tissue and serum IL-6 had    Sensitivity of 
62.5%, specificity of 100%, positive predictive value of 100%,negative predictive 
value of 86.95% and Accuracy of 89.28%. 
STATUS Positive 
(HPE+IL-6) 
Negative 
(HPE+IL-6) 
TOTAL 
PJI 6 2 8 
ASEPTICLOOSENING 0 20 20 
TOTAL 6 22 28 
 
Table 5: Contingency table-Histopathologicalanalysis (HPE) and IL-6 combined 
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TOTAL LEUCOCYTE COUNT ANALYSIS 
  
 The serum values of Total Leucocyte Count between infected and non-
infected cases were analysed. Based on the contingency table (table: 6) the 
sensitivity, specificity, positive predictive value (PPV) and negative predictive 
value (NPV) were calculated (Table: 7). The ROC (Receiver Operating 
Characteristic) curves were used to examine the relationship between sensitivity 
and the false –positive rate (specificity). Fisher’s exact test was used to determine 
direct statistical comparison between the tests. Our results identify the cut-off value 
for serum total leucocyte count was 10,000 cells/ml. The ROC curve analysis 
demonstrated an Area Under the Curve (AUC) of 0.5719  (Figure:18) with 
standard error of 0.1273, with  Sensitivity of 50%, specificity of 70%, likelihood 
ratio of 1.67, positive predictive value of 40% , negative predictive value of 77.8% 
and Accuracy of 64%. 
 
STATUS Positive (TLC) Negative(TLC) TOTAL 
PJI 4 4 8 
ASEPTICLOOSENING 6 14 20 
TOTAL 10 18 28 
 
Table 6: Contingency table- TLC 
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TOTAL LEUCOCYTE COUNT 
 
 
Prevalence    Pr(A)   29%  13%  48.7% 
--------------------------------------------------------------------- 
Sensitivity    Pr(+|A)  50%  15.7%     84.3% 
Specificity    Pr(-|N)  70%      45.7%     88.1% 
ROC area      (Sens. + Spec.)/2   .6       .388      .812  
--------------------------------------------------------------------- 
Likelihood ratio (+) Pr(+|A)/Pr(+|N)  1.67   .636      4.37  
Likelihood ratio (-) Pr(-|A)/Pr(-|N)  .714   .337      1.51  
Odds ratio           LR(+)/LR(-)        2.33        .468      11.8  
Positive predictive value  Pr(A|+)   40%      12.2%     73.8%  
Negative predictive value  Pr(N|-)     77.8%      52.4%     93.6%  
 
 
Table 7: Analysis result -TLC 
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 Figure 18: ROC CURVE-TLC 
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ERYTHROCYTE SEDIMENTATION RATE  (ESR) ANALYSIS 
 
      The serum values of Erythrocyte Sedimentation Rate (ESR) between 
infected and non-infected cases were analysed. Based on the contingency table 
(Table: 8) the sensitivity, specificity, positive predictive value (PPV) and negative 
predictive value (NPV) were calculated. The ROC (Receiver Operating 
Characteristic) curves were used to examine the relationship between sensitivity 
and the false –positive rate (specificity). Fisher’s exact test was used to determine 
direct statistical comparison between the tests. Our results were based on the cut-
off  value for serum ESR which was 30 mm/hr. The ROC curve analysis 
demonstrated an Area Under the Curve (AUC) of 0.6906 (Figure:19) with standard 
error of 0.1299, with  Sensitivity of 87.5%, specificity of 55%, likelihood ratio of 
1.94, positive predictive value of 43.8%  negative predictive value of 91.7% and 
Accuracy of 64% (Table:9). 
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STATUS Positive 
(ESR) 
Negative(ESR) TOTAL 
PJI 7 1 8 
ASEPTICLOOSENING 9 11 20 
TOTAL 16 12 28 
 
Table 6: Contingency table- ESR 
 
 
ERYTHROCYTE SEDIMENTATION RATE- ESR 
 
 
Prevalence Pr(A) 29% 13%  48.7% 
--------------------------------------------------------------------- 
Sensitivity Pr(+|A) 87.5%      47.3%    99.7% 
Specificity        Pr(-|N)      55%  31.5%     76.9% 
ROC area               (Sens. + Spec.)/2   .713       .547      .878  
--------------------------------------------------------------------- 
Likelihood ratio (+)     Pr(+|A)/Pr(+|N)  1.94       1.12     3.37 
Likelihood ratio (-)     Pr(-|A)/Pr(-|N)  .227      .0348     1.48 
Odds ratio                   LR(+)/LR(-)  8.56       1.09       . 
Positive predictive value        Pr(A|+) 43.8%      19.8%    70.1% 
Negative predictive value        Pr(N|-)   91.7%      61.5%    99.8%  
 
Table 9: ANALYSIS RESULT-ESR 
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Figure 19: ROC CURVE- ESR 
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C-REACTIVE PROTEIN (CRP) ANALYSIS 
 
      The serum values of C - reactive protein (CRP) between infected and non-
infected cases were analysed. Based on the contingency table (Table: 10) the 
sensitivity, specificity, positive predictive value (PPV) and negative predictive 
value (NPV) were calculated. The ROC (Receiver Operating Characteristic) curves 
(Figure: 20) were used to examine the relationship between sensitivity and the false 
–positive rate (specificity). Fisher’s exact test was used to determine direct 
statistical comparison between the tests. Our results were based on   the cut-off 
value for serum CRP which was >10mg/L. The ROC curve analysis demonstrated 
an Area Under the Curve (AUC) of 0.9875 with standard error of 0.0149, with  
Sensitivity of  100%, specificity of 95%, likelihood ratio of 20, positive predictive 
value of  88.9% , negative predictive value of  100% and Accuracy of 96.42% 
(Table:11). 
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STATUS Positive 
(CRP) 
Negative(CRP) TOTAL 
PJI 8 0 8 
ASEPTICLOOSENING 1 19 20 
TOTAL 9 19 28 
Table 10: Contingency table- CRP 
 
C-REACTIVE PROTEIN 
 
 
Prevalence                       Pr(A)       29%       13%      48.7% 
--------------------------------------------------------------------- 
Sensitivity                     Pr(+|A)      100%     63.1%      100% 
Specificity                     Pr(-|N)       95%     75.1%     99.9% 
ROC area               (Sens. + Spec.)/2     .975     .926         1  
--------------------------------------------------------------------- 
Likelihood ratio (+)    Pr(+|A)/Pr(+|N)        20      2.96       135  
Likelihood ratio (-)     Pr(-|A)/Pr(-|N)        0         .         .  
Odds ratio                   LR(+)/LR(-)        .      19.7         .  
Positive predictive value        Pr(A|+)     88.9%     51.8%    99.7%  
Negative predictive value        Pr(N|-)      100%     82.4%     100%  
 
 
Table 11: analysis result-CRP 
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Figure 20: ROC CURVE- CRP 
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INTERLEUKIN – 6 (IL-6) ANALYSIS 
 
     The serum values Interleukin-6 (IL-6) between infected and non-infected 
cases were analysed. Based on the contingency table (Table: 12) the sensitivity, 
specificity, positive predictive value (PPV) and negative predictive value were 
calculated. The ROC (Receiver Operating Characteristic) curves (Figure: 21) were 
used to examine the relationship between sensitivity and the false –positive rate 
(specificity). Fisher’s exact test was used to determine direct statistical comparison 
between the tests. Our results were based on  the cut-off  value for serum IL-6 
which was >5.51pg/mL. The ROC curve analysis demonstrated an Area Under the 
Curve (AUC) of 0.7531 with standard error of 0.1006, with  Sensitivity of  75%, 
specificity of 75%, likelihood ratio of 3, positive predictive value of  54.5% , 
negative predictive value of  88.2% and Accuracy of 75% (Table:13). 
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STATUS Positive 
(CRP) 
Negative(CRP) TOTAL 
PJI 6 2 8 
ASEPTICLOOSENING 5 15 20 
TOTAL 11 17 28 
 
Table 12: Contingency table- IL-6 
 
INTERLEUKIN-6  
 
Prevalence    Pr(A)  29%  13%  48.7% 
--------------------------------------------------------------------- 
Sensitivity    Pr(+|A) 75%  34.9%  96.8% 
Specificity    Pr(-|N) 75%  50.9%  91.3% 
ROC area           (Sens. + Spec.)/2 .75   .562   .938  
--------------------------------------------------------------------- 
Likelihood ratio (+)Pr(+|A)/Pr(+|N)   3   1.27   7.08  
Likelihood ratio (-)Pr(-|A)/Pr(-|N)    .333  .0978   1.14  
Odds ratio           LR(+)/LR(-)          9   1.48   52.6  
Positive predictive value  Pr(A|+)    54.5%      23.4%       83.3%  
Negative predictive value  Pr(N|-)    88.2%      63.6%       98.5%  
 
 
Table 13: Analysis result –IL6 
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Figure 21: ROC CURVE- IL-6 
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INTERLEUKIN-6 OR C-RP EITHER ELEVATED 
 
 The serum values of Interleukin-6 and C - reactive protein (CRP) between 
infected and non-infected cases were analysed for either of the two values to be 
raised or positive. Based on the contingency table (Table 14) sensitivity, 
specificity, positive predictive value (PPV) and negative predictive value (NPV) 
were calculated.The ROC (Receiver Operating Characteristic) curves were used to 
examine the relationship between sensitivity and the false –positive rate 
(specificity). Fisher’s exact test was used to determine direct statistical comparison 
between the tests. Our results were based on   the cut-off value for serum CRP 
which was >10mg/L and Interleukin-6 > 5.51 pg/mL. The ROC curve analysis 
demonstrated an Area Under the Curve (AUC) of 0.85,  Sensitivity of  100%, 
specificity of 70%, likelihood ratio of 3.33, positive predictive value of  57.1% , 
negative predictive value of  100% and accuracy of 78% (Table:15). 
 
 
 
 
 
 
 
72 
 
 
 
 
 
 
 
STATUS Positive (CRP/ 
IL-6) 
Negative 
(CRP/IL-6) 
TOTAL 
PJI 8 0 8 
ASEPTICLOOSENING 6 14 20 
TOTAL 14 14 28 
 
Table 14: Contingency table- IL-6 or C-RP EITHER ELEVATED 
 
INTERLEUKIN-6 OR CRP EITHER ELEVATED 
 
Prevalence     Pr(A)         29%       13%      48.7% 
--------------------------------------------------------------------- 
Sensitivity    Pr(+|A)      100%     63.1%      100% 
Specificity             Pr(-|N)       70%     45.7%     88.1% 
ROC area          (Sens. + Spec.)/2       .85      .747      .953  
 
--------------------------------------------------------------------- 
Likelihood ratio (+)  Pr(+|A)/Pr(+|N)    3.33  1.71      6.51  
Likelihood ratio (-)  Pr(-|A)/Pr(-|N)      0         .  .  
Odds ratio            LR(+)/LR(-)          .  4.03  .  
Positive predictive value  Pr(A|+)      57.1%     28.9%     82.3%  
Negative predictive value  Pr(N|-)      100%     76.8%      100%  
 
Table 15: Analysis result: INTERLEUKIN-6 OR CRP EITHER ELEVATED 
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INTERLEUKIN-6 & C-REACTIVE PROTEIN BOTH ELEVATED 
  
 The serum values of Interleukin-6 and C - reactive protein (CRP) between 
infected and non-infected cases were analysed when both of the two values was 
raised or positive. Based on the contingency table (Table: 16) sensitivity, 
specificity, positive predictive value (PPV) and negative predictive value (NPV) 
were calculated. The ROC (Receiver Operating Characteristic) curves were used to 
examine the relationship between sensitivity and the false –positive rate 
(specificity). Fisher’s exact test was used to determine direct statistical comparison 
between the tests. Our results were based on the cut-off value for serum CRP 
which was >10mg/L and Interleukin-6 > 5.51 pg/mL. The ROC curve analysis 
demonstrated an Area Under the Curve (AUC) of 0.875,  Sensitivity of  75%, 
specificity of 100%, positive predictive value of  100%  , negative predictive value 
of  90.9% and accuracy of 92.85% (Table:17) 
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STATUS Positive 
(CRP& IL-6) 
Negative  
(CRP& IL-6) 
TOTAL 
PJI 6 2 8 
ASEPTICLOOSENING 0 20 20 
TOTAL 6 22 28 
 
Table 16: Contingency table- IL-6 & C-RP BOTH POSITIVE/RAISED 
 
 
 
BOTH INTERLEUKIN-6 & CRP ELEVATED 
 
Prevalence   Pr(A)  29%  13%  48.7% 
--------------------------------------------------------------------- 
Sensitivity  Pr(+|A)  75%      34.9%  96.8% 
Specificity  Pr(-|N) 100%      83.2%   100% 
ROC area       (Sens. + Spec.)/2  .875      .715          1  
--------------------------------------------------------------------- 
Likelihood ratio(+)Pr(+|A)/Pr(+|N)   .         .          .  
Likelihood ratio(-) Pr(-|A)/Pr(-|N)  .25 .0753    .83  
Odds ratio         LR(+)/LR(-)  .        10.2         .  
Positive predictive value Pr(A|+) 100% 54.1%        100%  
Negative predictive value Pr(N|-)   90.9% 70.8%       98.9% 
 
Table 17: Analysisresult BOTH IL-6 & CRP ELEVATED 
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FINAL ANALYSIS 
  
 CUT OFF SENSITI
VITY 
SPECIFIC
ITY 
PPV NPV AUC ACCURAC
Y 
IL-6 5.51 pg/mL 75% 75% 54.5% 88.2% 0.7531 75% 
CRP >10 mg/mL 100% 95% 88.9% 100% 0.9875 96.42% 
ESR >30 mm/hr 87.5% 55% 43.8% 91.7% 0.6906 64% 
TLC >10000 
cells/ml 
50% 70% 40% 77.8% 0.5719 64% 
CRP/IL-6 
EITHER 
ELEVATED 
>10g/mL or 
pg/mL 
100% 70% 57.1% 100% 0.85 78% 
CRP & IL-6 
BOTH 
ELEVATED 
>10g/mL or 
pg/mL 
75% 100% 100% 90.9% 0.875 92.85% 
Table 18: Result:  Analysis of the inflammatory markers for the diagnosis of PJI 
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DISCUSSION 
 
 This prospective study was designed to analyse the correlation of 
inflammatory markers of periprosthetic joint infection in patients undergoing 
revision arthroplasty. The correlation of TLC(Total Leucocyte Count), 
ESR(Erythrocyte Sedimentation Rate), CRP (C Reactive Protein) and a new 
marker Interleukin-6(IL-6) in the infected and non-infected cases were analysed. 
The final analysis revealed CRP was the most accurate marker of deep infection in 
revision arthroplasty(Periprosthetic Joint Infection) with Sensitivity of 100%, 
specificity of 95%, likelihood ratio of 20, positive predictive value of 
88.9%,negative predictive value of 100% and Accuracy of 96.42%. Interleukin-
6(IL-6) as a new marker was found to be less accurate than CRP, with  sensitivity 
of  75%, specificity of 75%, likelihood ratio of 3, positive predictive value of  
54.5% , negative predictive value of  88.2% and Accuracy of 75%. Analysis of 
ESR as a marker revealed a less accurate value as compared to CRP and IL-6,with 
Sensitivity of 87.5%, specificity of 55%, likelihood ratio of 1.94, positive 
predictive value of 43.8% negative predictive value of 91.7% and Accuracy of 
64%.Finally the least accurate marker was TLC, with sensitivity of 50%, 
specificity of 70%, likelihood ratio of 1.67, positive predictive value of 40%, 
negative predictive value of 77.8% and Accuracy of 64%. Further analysis revealed 
that combination of both CRP & IL-6 was more useful in identifying patients with 
deep periprostheticjoint infection, with Sensitivity of 75%, specificity of 100%, 
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positive predictive value of 100%,negative predictive value of 90.9% and accuracy 
of 92.85%.  
The periprosthetic tissue culture and sensitivity results showed that most 
patients in the infected group had infection with a low virulence specie of bacteria. 
The intraoperative cultures were positive for Coagulase negative  
staphylococcus(CoNS) for three patients, E.coli for three patients, 
MRSA(methicillin-resistant Staphylococcus aureus) for one patient, Pseudomonas 
aeruginosa for one patient, Klebsiellaspp  for one patient, Staphylococcus aureus 
for one patient, Proteus vulgaris for one patient and Acinetobacterbaumanii for one 
patient (Table: 2 & 3).The most common organism grown in the periprosthetic 
culture was Coagulase negative  staphylococcus and E.coli. The occurance of low 
virulence organism was related to long duration since the implantation of 
prostheses which was a mean of 54.5 months. 
 This study also revealed that neutrophils infiltration in periprosthtic tissue 
at a cut off value of more than five cells/HPF was highly indicative of infection, 
even when cultures of periprosthetic tissue was negative. The analysis 
demonstrated that histopathological examination of periprosthetictissue had    
Sensitivity of 75%, specificity of 100%, positive predictive value of 100%,negative 
predictive value of 90.9% and Accuracy of 92.85%. We concluded that HPE 
analysis of PMN infiltration in periprosthetic tissue is one of the most accurate 
methods to distinguish between aseptic and septic loosing of arthoplasty 
prostheses. Further analysis revealedcombined histopathological examination 
(HPE) of periprosthetic tissue and serum IL-6 had    Sensitivity of 62.5%, 
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specificity of 100%, positive predictive value of 100%,negative predictive value of 
86.95% and Accuracy of 89.28%. 
 The sensitivity and specificity for the serum total leucocyte count (TLC) 
and ESR was low. In this study we confirmed that both ESR and TLC are not 
useful in the diagnosis periprosthetic joint infection due to low diagnostic value 
(both having accuracy of 64%). 
 This study revealed CRP to be the most accurate, sensitive and specific 
marker with Sensitivity of  100%, specificity of 95%, likelihood ratio of 20, 
positive predictive value of  88.9% , negative predictive value of  100% and 
Accuracy of 96.42%. Both CRP and IL-6 are excellent screening markers to rule 
out deep infection of implant.  Patients with either increased CRP or increased IL-6 
levels identifies all patients with deep implant infection (sensitivity of 100%) or if 
both of CRP and IL-6 are elevated there is 100% specificity with 92.85% accuracy.  
 CUT OFF SENSITIVITY 
SPECIFICI
TY PPV NPV AUC 
ACCURAC
Y 
IL-6 5.51 pg/mL 75% 75% 54.5% 88.2% 0.7531 75% 
CRP >10 mg/mL 100% 95% 88.9% 100% 0.9875 96.42% 
ESR >30 mm/hr 87.5% 55% 43.8% 91.7% 0.6906 64% 
TLC >10000 cells/ml 50% 70% 40% 77.8% 0.5719 64% 
CRP/IL-6 
EITHER 
ELEVATED 
>10g/mL or 
pg/mL 100% 70% 57.1% 100% 0.85 78% 
CRP & IL-6 
BOTH 
ELEVATED 
>10g/mL or 
pg/mL 75% 100% 100% 90.9% 0.875 92.85% 
Table 18 
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CONCLUSION 
 
 This study clearly demonstrates the correlation between the inflammatory 
markers for the diagnosis of periprosthetic joint infection in patients undergoing 
revision arthroplasty. The important conclusions of our study are: 
1. CRP was the most accurate marker of deep infection in revision arthroplasty 
(Periprosthetic Joint Infection) with Sensitivity of 100%, specificity of 95%, 
likelihood ratio of 20, positive predictive value of 88.9%, negative predictive 
value of 100% and Accuracy of 96.42%. 
2. Interleukin-6(IL-6) as a new marker was found to be less accurate than CRP, 
with  sensitivity of  75%, specificity of 75%, likelihood ratio of 3, positive 
predictive value of  54.5% , negative predictive value of  88.2% and Accuracy 
of 75%. 
3. Combination of both CRP & IL-6 can be more useful in identifying patients 
with deep periprostheticjoint infection, with Sensitivity of 75%, specificity of 
100%, positive predictive value of 100%,negative predictive value of 90.9% 
and accuracy of 92.85%. 
4. Neutrophils infiltration in periprosthtic tissue at a cut off value of more than 
five cells/HPF was highly indicative of infection, even when cultures of 
periprosthetic tissue was negative. 
5. Both ESR and TLC are not useful in the diagnosis periprosthetic joint infection 
due to low diagnostic value (both having accuracy of 64%). 
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LIMITATIONS OF THE STUDY 
 
1. Small Sample Size: 
Since the sample size was small in this study, including cases of 
Periprosthetic joint infection, a bigger sample size would had given a better 
and clearer picture.  
 
2. Synovial Fluid sample inadequate  or unable to collect intraoperatively: 
In few cases the joint aspirate, either ultrasound guided or intraoperatively, 
yielded no joint fluid for analysis. 
 
3. IL-6 assay is affected by diseases with acute inflammatory reaction: 
It is known that chronic inflammatory conditions do alter the IL-6 levels, it 
might be the reason for few false positive results related to elevation of IL-6 
levels in non-infected patients, even though we had excluded patients on 
DMARD (Disease-modifying antirheumaticdrugs) 
 
4. IL-6 assay is not readily available  
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Correlation of inflammatory  markers of periprosthetic joint infection in 
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